SUMMARY Central conduction time following median nerve stimulation has been recorded in 28 patients with infratentorial space occupying lesions. Fourteen of these (50%) showed a prolonged central conduction time, which invariably involved that segment of the conduction time between the dorsal column nuclei generators and the generation site for P15, which we believe to be in the upper brain stem or thalamus. Three other cases showed prolongation of the N14-P15 segments though total central conduction time was within normal limits. One case with marked hydrocephalus showed prolongation both before and after the P15 wave. The possible pathophysiology of prolongation of central conduction time in these cases and the possible neural generation site of P15 are discussed.
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Monitoring of short latency somatosensory evoked responses has been found of value in the study of acute cerebral ischaemia after subarachnoid haemorrhage, and associated intracranial aneurysm surgery. ' The measurement which has proved of greatest use has been that of central conduction time, the time of transit of the impulse recorded from a surface electrode at the second cervical spine, to a scalp electrode external to the somatosensory cortex, as described by Hume and Cant.2 Animal experimentation has confirmed that prolongation of the central conduction time may be related to the development of ischaemia. The central conduction time remained constant with cerebral blood flow above levels of around 15 mVl100 g/min, and increased significantly below this level of flow.3 Prolongation of conduction time has been shown to be prognostically related to the outcome of intracranial aneurysm surgery.4 This paper reports a study of somatosensory conduction in patients with posterior fossa lesions, and describes the altered transmission along the pathway.
Material and methods
Twenty-eight patients with infratentorial space occupying lesions were studied with bilateral recording of somatosensory evoked potentials following median nerve stimulation (table 1) . Square waves of 0O 15 ms duration were delivered at a rate of 3 Hz to two silver cup electrodes 3 cm apart over the median nerve at the wrist.' Stimulation intensity used was about 2-3 times subjective threshold, and sufficient to elicit a small thumb twitch. Recording electrodes were placed at the C3/C4 position of the international 10-20 system, and over the midline of the back of the neck at C2 level. Frontal reference leads (Fpz) were used, and 1024 responses averaged from the contralateral scalp and C2 simultaneously using a Medelec MS6 system. Two averages from each arm were taken during a recording session. The impedance between the electrodes was checked at each recording session. Patients remained supine with eyes closed without sedation, but could be awake or asleep during the test. Central conduction time is defined as the time interval between the N14 peak recorded at C2 and the N20 peak recorded at cortex. Between these two major waves, a small positive deflection occurs which, according to previous classification has been called P156 and we have used the presence of this positive peak to divide central conduction time into two segments (N14-P15 and P15-N20). Although the exact origin of the P15 wave is still subject to debate, it is generally regarded as arising from the medial lemniscus or thalamus6 7 while the N14 wave is commonly regarded as taking its origin from the gracile and cuneate nuclei. The N20 wave probably signals the arrival of impulse at the cortex. Our own experimental work in the primate would indicate, from the disappearance of N20 during middle cerebral occlusion that the cortex is the most likely origin of N20.1" We have studied changes in the proportion of the two segments of central conduction time in relation to posterior fossa tumours, and in eleven normal healthy volunteers who were tested as a control group.
Conduction ofsensory action potentials across the posterior fossa in infratentorial space-occupying lesions441 18-9 + 0-8 ms N14-P15 1-5 + 0-3 ms % of central conduction time 27-8 -4-2 P15-N20 3-9 -0-3 ms % of central conduction time 72-2 + 4-2 N14-N20
5-4 ± 0-4 ms Figure 4 shows histograms of the proportion of N14-P15 in relation to total central conduction time in normal patients and patients with posterior fossa tumour. Figure 5 shows the ratio of N14-P15 to total central conduction time in posterior fossa tumour cases with normal and prolonged central conduction time. This data is also shown in In patients with prolonged central conduction time (more than 6*4 ms), the actual range was 6*4-16*6 ms. In these cases, the N14-P15 segment varied between 38-6% and 70.4% of the total conduction time, (mean 53*5 + 10.0%) the average central conduction time values being 7.8 2*6 ms. The second group of patients with infratentorial spaceoccupying lesion, but without prolongation of the central conduction time, showed a range from 4-7-6*3 ms (mean 5.5 + 0-4 ms). N14-P15 in these cases varied between 23*4 and 50.9%, the average being 35-2 8*0%. The origin of N20, the first major negative peak recorded from the scalp, has been thought by some authors to be cortical '3 14 although Chiappa in 197912 believed rather in a subcortical origin for this peak. Experimental work in baboons'5 has however indicated that the primary positive/negative wave of the somatosensory evoked response, either of trigeminal or of median nerve origin, is related to blood supply in the cerebral cortex: reduction in blood flow to levels below 16 ml/100 g/min results in disappearance of this wave, and the technique of blood flow reduction, by middle cerebral occlusion in the baboon, ensures that the thalamic relays of the somatosensory pathway are outwith the area of ischaemia. The prompt change in the evoked response indicates that ischaemia in the white matter is unlikely to be responsible for the failure of the wave and our experimental work therefore leads us to believe that N20 is most likely synaptically based in the cortex. We have therefore considered the inter-peak latency between N14 and N20 as representing conduction time in the central nervous system as originally suggested by Hume and Cant. The origin of P15 is less certain. It has been thought to take its origin either from transmission in the upper lemniscus, or possibly in the thalamus.56
As the amplitude of the somatosensory evoked response is dependent upon, among other things, electrode position, scalp thickness and stimulus intensity, we chose to measure only the latency of the components in our patients, which was less subject to changes in these parameters from day to day. This present series documents prolongation of central conduction time in 14 of 28 patients with infratentorial space occupying lesions. The mechanism whereby such tumours induce prolongation of impulse conduction is not clear. A close relationship between impulse conduction and blood flow has been shown clinically in other circumstances.3 16 It is possible therefore that changes in patterns of perfusion within the brainstem resulting from the growth of a neoplasm, might affect conduction within the pathways. It is also possible, however, that a direct mechanical effect of compression on the pathways themselves could result in slowing of conduction. '7 Although it is still too early to conclude whether mechanical pressure or change in regional blood flow is more likely to produce prolongation of nerve conduction in these cases, we can be sure that when mechanical pressure reaches a certain degree, regional tissue perfusion must also be altered.
Further observation and experimentation is needed in this regard. In intrinsic tumours of the brain stem, distortion and destruction of neural pathways by the growth of the tumour itself might well explain the findings, but in this present series this mechanism could hardly be implicated except in one case.
This study has shown that all cases of prolonged central conduction time with a posterior fossa mass showed prolongation of that section of the sensory pathway between the dorsal column nuclei and the generation site of P15. A group of patients in whom the overall central conduction time was not prolonged with a posterior fossa lesion, nevertheless showed a prolonged N14-P15 segment suggesting involvement predominantly of the same section of the pathway. The preservation of P15 in these cases is of interest in contrast with its abolition seen in a number of tumours and intracerebral haematomas involving the thalamus itself (unpublished data). It seems to us therefore that the generation site of P15 could rationally be considered anatomically to be at or above the level of the tentorium. A likely origin of synaptic transmission to give rise to such a wave form, would be thalamus.
In the current series, the only case which showed proportional increase of central conduction time both before and after the P15 wave, was a fourth ventricular ependymoma with associated hydrocephalus. We consider that the fourth ventricular tumour itself would account for prolongation of the first portion of intracranial conduction between N14 and P15, as occurred in the other cases in the series. The explanation for prolongation of the second portion wave between P15 and N20 is probably the presence of the marked hydrocephalus. We have seen prolongation of the P15-N20 segment in other case of hydrocephalus and which has returned to normal with a CSF drainage procedure. Hydrocephalus was also present in one pontine tumour case which showed some prolongation in the P15-N20 segment, though in this case the main lengthening of conduction was in the N14-P15 segment. A dilated ventricular system has been shown to be associated with delay in the conduction of visual evoked responses."8
The laterality of cerebello-pontine angle tumours enables study of change in conduction in a brain stem subjected predominantly to unilateral pressure. There were five large cerebello-pontine angle tumours in the present series which showed prolonged cental conduction time. In three of them, the prolongation was bilateral, presumably due to a generalised distortion of the brain stem as has been discussed. In the other two cases however, the change was unilateral, and the prolongation affected central conduction time to a median nerve stimulus Wang, Symon, Gentili contralateral to the side ot the brain tumour (fig 6) . This would suggest therefore that the main impact of an acoustic neuroma on the sensory conduction pathway occurs high in the angle. In all these cases, the size of the tumour was such that the tumour involved brain stem distortion from the level of the fifth nerve, downwards, that is above the level of the sensory decussation. A further study of tumours of graded size in this situation would confirm or refute this explanation, one might expect that delay in N14-P15 would occur first in relation to contralateral median nerve stimulation, and then bilaterally. 
